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(54) IC CARD AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To shape an IC card to be thin 
by a method wherein an IC chip made of a thin film is formed 
integrally with a flexible thin film, electrode pads are formed 
on the surface of a region of this film extending from the 
outer periphery of the IC chip and an IC module thus formed 
is mounted inside a base. 

SOLUTION: An IC chip 1 prepared by forming an electronic 
circuit inside a semiconductor substrate is made a thin film 
having a smaller thickness than a silicon wafer by 
electrochemical etching, for instance. A flexible polyimide film 
2 formed on the surface of this IC chip 1 integrally extends 
beyond the outer peripheral part of the IC chip 1 and a 
prescribed number of electrode pads 3 are formed in the end 
part of the surface of one side thereof. A wiring layer 4 having 
a prescribed number of wirings formed inside the polyimide 
film 2 leads out electrodes of the electronic circuit of the IC 
chip 1 to the electrode pads 3 formed in the end part of the 
polyimide film 2, maintaining electric connection between 
them. 
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FIELD OF THE INVENTION 

[0001] This invention relates to an IC card on which an integrated 
circuit (IC) is mounted in the interior thereof and its 
manufacture approach of a card base material. 

DESCRIPTION OF THE PRIOR ART 

[0002] In recent years, the data card called the IC card which 
made a storage element and its controlling element build in the 
interior of a card has spread in various fields. This IC card is 
excellent in respect of a security protection or surreptitious use 
prevention as compared with the conventional magnetic card, and 
security of the description is high. 

[0003] Moreover, the so-called hybrid type it was made to make an 
integrated circuit build in a Laser Card with big memory capacity 
of IC card is also developed by storing various kinds of data in 
an optical recording medium. 

[0004] This hybrid type of IC card attracts attention as a card 
having the description of both the height of the security of an IC 
card, and the mass storage capacity of a Laser Card. 

[0005] By the way, after mounting IC chip by wire bonding to a 
patchboard and closing this with a sealing agent like the 
packaging of IC chip in which the usual integrated circuit was 
formed, as the mounting approach of the integrated circuit in an 
IC card as indicated by JP, 3-51238 , B, for example, the approach of 
welding an inner sheet and a cover sheet and unifying is common. 
[0006] The gestalt of this IC card and the mounting approach of an 
integrated circuit are explained using drawing 4 and drawing 5 
As shown in drawing 4, the gestalt of the usual IC card mounts the 
IC chip 102 which performs informational storage and processing in 
the interior of the card substrate 101 made of the synthetic resin 
of electric insulation, and is exposing the input terminal 103 
from a card rear face. 

[0007] About the mounting approach of this IC chip, as shown in 
drawing 5, the die bond location where punching of the multilayer- 
interconnection substrate 104 was carried out is contacted in a 
stationary plate 105 from a rear face, and die bond of the IC chip 
106 is carried out on this. 

[0008] and the conductor of this IC chip 106 and the multilayer- 
interconnection substrate 104 -- wiring is connected by the 
bonding wire 107 and these are closed with the thermosetting 
encapsulant 108. Then, the substrate 109 which consists of 
thermoplastics is arranged and welding of the inner sheet 110 and 
the cover sheet 111 is further carried out to both sides. 

PROBLEM (S) TO BE SOLVED BY THE INVENTION 

[0009] However, in the mounting approach of IC chip by the above 
Prior arts, when it mounts IC chip by wire bonding, it is 
necessary to secure the space which is equivalent to the thickness 
of the IC chip itself at least, and space required in order to 
arrange a bonding wire, and has been the greatest failure of this 
making thickness of a card thin. 



[0010] Although IC chip can be made thinner than the thickness of 
a silicon wafer by polish, a manufacturing- technology top is 
difficult for making it the thickness of 200 micrometers or less 
by relation, such as handling at the time of bonding. 

[0011] A limit of the thickness of the card in mounting of such an 
IC chip poses an important problem especially in the IC card of a 
hybrid type which was mentioned above. That is, the thickness of 
several 100 micrometers is required of a Laser Card because of the 
storage side and protective coat of the optical MAG, and it is 
because there is a problem that a card will become thick too much 
when IC chip tends to be mounted in this and it is going to 
constitute a hybrid type IC card. 

[0012] This poses especially a problem in the IC card of the 
hybrid type which is going to obtain the big memory capacity which 
has arranged the optical storage all over a card-face side. Then, 
this invention was made in view of the above points, and it aims 
at offering the manufacture approach for realizing thin form- 
ization of a hybrid type IC card especially while it aims at 
offering the manufacture approach of the IC card for realizing an 
IC card and it thinner than before. 

MEANS FOR SOLVING THE PROBLEM 

[0013] In the IC card which consists of an integrated circuit (IC) 
prepared in the substrate and this substrate in order to solve the 
above-mentioned technical problem according to this invention 
Thin-f ilm-ized IC chip and the flexible thin film formed in this 
IC chip at one, The electrode pad formed in the front face of the 
field which extended on the periphery of said IC chip in this 
flexible thin film, IC module which consists of a wiring layer 
which connects this electrode pad and said IC chip electrically is 
provided, and the IC card characterized by mounting this IC module 
in said substrate is offered. 

[0014] Since thin-f ilm-i zed IC chip is really formed in the 
flexible thin film according to the solution means mentioned above 
and there is no breakage at the time of handling, even if it makes 
IC chip thin, while being able to make thickness of a card thin, 
since the connection field to a substrate has flexibility, the 
tolerance over bending of a card is high. 

[0015] Moreover, according to this invention, it sets to the IC 
card of the hybrid type which consists of a substrate, and the 
integrated circuit (IC) and optical recording medium which were 
formed in this substrate. Thin-f ilm-ized IC chip and the flexible 
thin film formed in this IC chip at one, The electrode pad formed 
in the front face of the field which extended on the periphery of 
said IC chip in this flexible thin film, While providing IC module 
which consists of a wiring layer which connects this electrode pad 
and said IC chip electrically and mounting this IC module in said 
substrate Said optical recording medium is arranged in one field 
of said substrate, and the IC card of the hybrid type 
characterized by preparing electric contact of said IC module in 
other fields is offered. 

[0016] Since thin-f ilm-ized IC chip is really formed in the 
flexible thin film according to the solution means mentioned above 



Since there is no breakage at the time of handling even if it 
makes IC chip thin, while being able to make thickness of a card 
thin Since the tolerance over bending of a card is high since the 
connection field to a substrate has flexibility, and thickness of 
the mounting section of IC chip can moreover be made thin Even if 
it is the case where the whole surface of a card is made into 
recording surfaces, such as optical MAG, thickness as a hybrid 
type IC card can be made thin. 

[0017] Furthermore, according to this invention, it sets to the 
manufacture approach of the IC card which consists of a substrate 
and an integrated-circuit (IC) module prepared in this substrate 
at least. The process at which IC module mounted in said substrate 
forms an electronic circuitry in the diffusion layer of other 
conductivity types formed in the semi-conductor substrate of one 
conductivity type, The process which forms the wiring layer which 
the electrode pad was made to extend outside the field of the 
diffusion layer of a conductivity type besides the above on said 
semi-conductor substrate, and was covered with the flexible 
insulating thin film, The manufacture approach of the IC card 
characterized by being formed of the process which removes fields 
other than the diffusion layer of a conductivity type besides the 
above in said semi-conductor substrate by electrochemistry etching 
is offered. 

[0018] According to the solution means mentioned above, by really 
forming in IC chip the wiring layer which consists of a flexible 
thin film, while low-cost-izing, detailed-izing of a pattern, and 
thin film-ization are realizable for coincidence, by 
electrochemistry etching, it is stabilized and very thin IC module 
can be manufactured. 

EMBODIMENT (S) OF THE INVENTION 

[0019] Hereafter, with reference to a drawing, it explains per 
gestalt of operation of this invention. 

[the gestalt of the 1st operation] -- the gestalt of operation of 
the 1st of this invention is first explained using drawing 1 
thru/or drawing 3 . 

[0020] Drawing 1 (a) and (b) show the IC module 10 of the shape of 
sheet metal in the gestalt of operation of the 1st of this 
invention. However, drawing 1 (a) shows as a condition which 
removed the sealing agent 5 shown in drawing 1 (b) . 

[0021] That is, the IC chip 1 with which the electronic circuitry 
was formed in the interior of a semi-conductor substrate (silicon 
wafer) shall be thinner than the thickness of a silicon wafer, and 
shall be thin-f ilm-ized by for example, electrochemistry etching 
etc. to about 20 micrometers in thickness so that it may mention 
later . 

[0022] The flexible polyimide film 2 formed in the front face of 
this IC chip 1 at one extends exceeding the periphery section of 
the IC chip 1, and the electrode pad 3 of a predetermined number 
is formed in that surface edge of one side. 

[0023] The wiring layer 4 which has wiring of the predetermined 
number formed in the interior of this polyimide film 2 is holding 
and pulling out even the electrode pad 3 currently formed in the 



edge of this polyimide film 2 in the electrode of the electronic 
circuitry of the IC chip 1 for electrical installation. 
[0024] Moreover, while the sealing agent 5 is applied to the rear 
face of the IC chip 1, solder plating processing is performed to 
the front face of the electrode pad 3. Since the thickness of the 
polyimide film 2 is about 20 micrometers and the thickness of a 
sealing agent 5 is about 30 micrometers on the IC chip 1 here, the 
thickness as the whole IC module 10 formed as mentioned above is 
about 70 micrometers. 

[0025] Drawing 2 shows the gestalt of mounting of the IC module 10 
of the gestalt of this 1st operation, the electrode pad 3 of the 
IC module 10 shown in drawing 1 -- the conductor of the 
multilayer-interconnection substrate 6 -- soldering connects with 
wiring . 

[0026] This soldering is performed by the exposure of a laser 
spot. The substrate 7 which besides consists of thermoplastics is 
arranged, and welding of the inner sheet 8 and the cover sheet 9 
is further carried out to these both sides. 

[0027] Thus, in the gestalt of the 1st operation, since thickness 
of IC chip 1 the very thing is thin-f ilm-ized by about 1/10 as 
compared with the Prior art, it can make the thickness thin 
sharply [ as the whole card / a Prior art ] . 

[0028] Moreover, in the gestalt of the 1st operation, since 
polyimide film 2 flexible part can be handled on the occasion of 
mounting to the multilayer-interconnection substrate 6 of the IC 
module 10, even if it makes the IC chip 1 thin to about 20 
micrometers, for example, IC chip is not damaged. 

[0029] In addition, according to the gestalt of this 1st 
operation, since punching to a multilayer-interconnection 
substrate, arrangement of a stationary plate, and the process of 
die bonding can be skipped as compared with the Prior art shown in 
drawing 5 , a production process is simplified, and a 
manufacturing cost can be reduced. 

[0030] Furthermore, since immobilization to the IC module 10 to 
the multilayer-interconnection plate 6 accomplishes by the wiring 
layer 4 in the polyimide film 2 which has flexibility according to 
the gestalt of this 1st operation, there is little risk of a 
connection part being damaged by exfoliation etc. by heat 
processes, such as welding, or bending at the time of the card use 
after manufacture . 

[0031] Moreover, according to the gestalt of this 1st operation, 
especially to bending of a card, IC chip 1 the very thing is not 
fixed, but since it is thin and the surface distortion by bending 
is small, there is little fluctuation of the property of an 
electronic circuitry etc., and the tolerance over a join end and 
stress becomes high. 

[0032] Such technique by the gestalt of the 1st operation is 
effective especially in a hybrid type IC card with the need of 
making the mounting section of the IC chip 1 thin especially, and 
this is explained by the gestalt of the 2nd operation mentioned 
later . 

[0033] Drawing 3 (a) thru/or (e) show the example of the 
manufacture approach of the IC module 10 shown in drawing 1 



First, as shown in drawing 3 (a) , the deep N type diffusion layer 
52 is formed in the semi-conductor substrate 51 of P type, into 
this, the usual semiconductor device manufacturing technology is 
used and CMOS circuit 53 is formed. 

[0034] In addition, although not illustrated especially, the 
circuit pattern of CMOS circuit 53 which makes silicon oxide an 
insulator layer shall be formed in the front face of the semi- 
conductor substrate 51. Next, the silicon nitride 54 is formed in 
both-sides side of this semi-conductor substrate 51 by plasma CVD, 
and the opening pattern 55 is formed in a rear-face side. 
[0035] Next, while forming the contact hole 57 in the parts of the 
1st polyimide film 56 equivalent to the field of the polar zone of 
CMOS circuit 53, and the silicon nitride 54 by the side of a front 
face after forming the 1st polyimide film 56 in the front-face 
side of the semi-conductor substrate 51 on a spin coat as shown in 
drawing 3 (b) , the circuit pattern 58 of aluminum is formed with a 
photolithography technique on it. 

[0036] Next, as shown in drawing 3 (c) , the 2nd polyimide film 53 
is formed in the front-face side of the semi-conductor substrate 
51, opening is prepared in the field equivalent to the electrode 
pad (it corresponds to the electrode pad 3 of drawing 1 ) of this, 
and the nickel layer 60 and the pewter layer 61 are formed in this 
field by alternative electroless deposition. 

[0037] Next, as shown in drawing 3 (d) , where the front-face side 
of the semi-conductor substrate 51 is protected, electrochemistry 
etching is performed from the opening pattern 55 of the silicon 
nitride 54 on the back. In this process, although etching advances 
from the opening pattern 55, and it goes on in a field without the 
deep N type diffusion layer 52 until the silicon oxide on the 
front face of silicon (not shown) is exposed by the rear-face 
side, etching stops in a field with the N type diffusion layer 52 
near the depletion-layer edge by the side of the P type substrate 
of the PN junction by which bias was carried out. 

[0038] This electrochemistry etching is dipped into the water 
solution of TMAH ( tetramethylammonium hydroxide) , puts an 
electrode into this water solution, grounds this, and accomplishes 
it by impressing forward bias to an N type diffusion layer with a 
deep semi-conductor substrate. 

[0039] What is necessary is just to just carry out bias of this 
electrode, since power-source Rhine comes to be connected to an N 
type diffusion layer in the usual CMOS electronic circuitry. Next, 
as shown in drawing 3 (e) , it is the rear-face side of the semi- 
conductor substrate 51 to CF4 . H2 The silicon oxide (not shown) 
and the silicon nitride 54 which performed reactive ion etching in 
the mixed-gas ambient atmosphere, and were exposed by this rear- 
face side are removed. 

[0040] Then, the 1st and 2nd polyimide film 56 and 59 is cut down 
in a predetermined configuration by laser ablation, and IC module 
as shown in drawing 1 by carrying out the coat of the encapsulant 
to the rear-face side of the semi-conductor substrate 51 is 
obtained . 

[0041] In addition, in explanation of the gestalt of the 1st 
operation, although illustrated only about one IC module 10, it 



cannot be overemphasized that the above things for which many IC 
modules 10 are collectively formed on a silicon wafer are 
possible . 

[0042] Since the wiring layer covered by the above polyimide film 
which has flexibility with the gestalt of the 1st operation 
extends around IC chip and can form an electrode in this field, 
even if it connects an electrode to a wiring substrate, direct 
stress is not applied to IC chip. 

[0043] Since the wiring layer which has this flexibility is formed 
in one to a chip, thin-f ilm-izing, micrifying, and low-cost-izing 
are possible for it. In addition, although the thickness of IC 
chip is decided by the depth of the deep N type diffusion layer 
52, and bias of electrochemistry etching, since this 
controllability is very high, it can manufacture thin IC chip with 
a sufficient controllability as compared with approaches, such as 
substrate polish. 

[0044] [The gestalt of the 2nd operation], next the gestalt of 
operation of the 2nd of this invention are explained using drawing 
6 . Also in the gestalt of this 2nd operation, although the IC 
module 1 shown by drawing 1 and the same IC module 202 are used, 
not the solder plating processing to the electrode pad 3 shown by 
drawing 1 to the electrode pad 207 but gold plate processing shall 
be performed. 

[0045] First, while electrode pad 207 part of the IC module 202 is 
fixed to the front face of the 1st substrate 201 which consists of 
thermoplastics by adhesion, opening 203 is formed in the part of 
the 1st substrate 201 equivalent to the field of IC chip 202a of 
the IC module 202. 

[0046] While welding of the 2nd substrate 204 is carried out to 
the bottom of the 1st substrate 201 and welding of the inner sheet 
205 is carried out to the top face of the 1st substrate 201, and 
the inferior surface of tongue of the 2nd substrate 204, 
respectively, welding of the cover sheet 206 is carried out to the 
inferior surface of tongue of the inner sheet 205 by the side of 
an inferior surface of tongue. 

[0047] And opening 208 is formed in the substrate 204, the inner 
sheet 205, and the 2nd cover sheet 206 of the electrode pad 207 of 
a field at the bottom. [ of the IC module 202 ] 

[0048] Moreover, while the optical storage 209 is formed in the 
top face of the inner sheet 205 by the side of a top face, the 
protective coat 210 is arranged on the top face of this optical 
storage 209. Thus, since electric contact of a card is formed in 
IC module at one, while according to the gestalt of the 2nd 
operation a multilayer-interconnection substrate becomes 
unnecessary and being able to reduce a manufacturing cost, since 
the 1st substrate 201 which replaces a multilayer-interconnection 
substrate is a mere sheet, it can be made thin, and can make 
thickness of the whole card still thinner than the gestalt of the 
1st operation. 

[0049] For this reason, also in an IC card the optical storage 209 
and equipped with the protective coat 210 hybrid type, the whole 
thickness can be made small. As mentioned above, although the 
gestalt of the 1st and the 2nd operation explained this invention, 



the embodiment (1) which has the following configurations, and an 
operation and effectiveness thru/or (7) are obtained. 
[0050] Embodiment (1) 

In the IC card which consists of an integrated circuit (IC) 
prepared in the substrate and this substrate (Configuration) Thin- 
film-ized IC chip and the flexible thin film formed in this IC 
chip at one, The electrode pad formed in the front face of the 
field which extended on the periphery of said IC chip in this 
flexible thin film, The IC card characterized by providing IC 
module which consists of a wiring layer which connects this 
electrode pad and said IC chip electrically, and mounting this IC 
module in said substrate. 

[0051] (An operation and effectiveness) Since thin-f ilm-ized IC 
chip is really formed in the flexible thin film according to this 
embodiment and there is no breakage at the time of handling, even 
if it makes IC chip thin, while being able to make thickness of a 
card thin, since the connection field to a substrate has 
flexibility, the tolerance over bending of a card is high. 
[0052] Embodiment (2) 

In the IC card of the hybrid type which consists of a substrate, 
and the integrated circuit (IC) and optical recording medium which 
were formed in this substrate (Configuration) Thin-f ilm-ized IC 
chip and the flexible thin film formed in this IC chip at one, The 
electrode pad formed in the front face of the field which extended 
on the periphery of said IC chip in this flexible thin film, If 
this electrode pad and said IC chip are connected electrically, 
while providing IC module which consists of a wiring layer and 
mounting this IC module in said substrate The IC card of the 
hybrid type characterized by arranging said optical recording 
medium in one field of said substrate, and preparing electric 
contact of said IC module in other fields. 

[0053] (An operation and effectiveness) Since thin-f ilm-ized IC 
chip is really formed in the flexible thin film according to this 
embodiment Since there is no breakage at the time of handling even 
if it makes IC chip thin, while being able to make thickness of a 
card thin Since the tolerance over bending of a card is high since 
the connection field to a substrate has flexibility, and thickness 
of the mounting section of IC chip can moreover be made thin Even 
if it is the case where the whole surface of a card is made into 
recording surfaces, such as optical MAG, thickness as a hybrid 
type IC card can be made thin. 
[0054] Embodiment (3) 

In the manufacture approach of the IC card which consists of a 
substrate and an integrated-circuit (IC) module prepared in this 
substrate at least (Configuration) The process at which IC module 
mounted in said substrate forms an electronic circuitry in the 
diffusion layer of other conductivity types formed in the semi- 
conductor substrate of one conductivity type, The process which 
forms the wiring layer which the electrode pad was made to extend 
outside the field of the diffusion layer of a conductivity type 
besides the above on said semi-conductor substrate, and was 
covered with the flexible insulating thin film, The manufacture 
approach of the IC card characterized by being formed of the 



process which removes fields other than the diffusion layer of a 
conductivity type besides the above in said semi-conductor 
substrate by electrochemistry etching. 

[0055] (An operation and effectiveness) According to this 
embodiment, by really forming in IC chip the wiring layer which 
consists of a flexible thin film, while low-cost-i zing, detailed- 
izing of a pattern, and thin film-ization are realizable for 
coincidence, by electrochemistry etching, it is stabilized and 
very thin IC module can be manufactured. 
[0056] Embodiment (4) 

(Configuration) An IC card given in (1) characterized by said 
electrode pad being exposed to one field of a card, and this 
serving as an input/output terminal of a card, or (2) . 
[0057] (An operation and effectiveness) Since the input/output 
terminal of a card is really formed in IC chip according to this 
embodiment, a wiring substrate is unnecessary and thin-f ilm-izing 
and low-cost-izing of a card can be realized. 
[0058] Embodiment (5) 

(Configuration) An IC card given in (1), (2) or, and (4) to which 
IC chip part of said IC module is characterized by not being fixed 
to said substrate. 

[0059] (An operation and effectiveness) Since the part of IC chip 
is not being fixed to the direct card base material according to 
this embodiment, the tolerance over bending of a card is high. 

EFFECT OF THE INVENTION 

[ 0 0 60 ] Therefore , as explained in full detail above, while being 
able to offer the manufacture approach of the IC card for 
realizing an IC card and it thinner than before according to this 
invention, the manufacture approach for realizing thin form- 
ization of a hybrid type IC card especially can be offered. 



Claims : 



1. In the IC card which consists of an integrated circuit (IC) 
prepared in the substrate and this substrate Thin-f ilm-ized IC 
chip and the flexible thin film formed in this IC chip at one, The 
electrode pad formed in the front face of the field which extended 
on the periphery of said IC chip in this flexible thin film, The 
IC card characterized by providing IC module which consists of a 
wiring layer which connects this electrode pad and said IC chip 
electrically, and mounting this IC module in said substrate. 

2. In the IC card of the hybrid type which consists of a 
substrate, and the integrated circuit (IC) and optical recording 
medium which were formed in this substrate Thin-f ilm-ized IC chip 
and the flexible thin film formed in this IC chip at one, The 
electrode pad formed in the front face of the field which extended 
on the periphery of said IC chip in this flexible thin film, While 
providing IC module which consists of a wiring layer which 
connects this electrode pad and said IC chip electrically and 
mounting this IC module in said substrate The IC card of the 
hybrid type characterized by arranging said optical recording 
medium in one field of said substrate, and preparing electric 
contact of said IC module in other fields. 

3. In the manufacture approach of the IC card which consists of a 
substrate and an integrated-circuit (IC) module prepared in this 
substrate at least The process at which IC module mounted in said 
substrate forms an electronic circuitry in the diffusion layer of 
other conductivity types formed in the semi-conductor substrate of 
one conductivity type, The process which forms the wiring layer 
which the electrode pad was made to extend outside the field of 
the diffusion layer of a conductivity type besides the above on 
said semi-conductor substrate, and was covered with the flexible 
insulating thin film, The manufacture approach of the IC card 
characterized by being formed of the process which removes fields 
other than the diffusion layer of a conductivity type besides the 
above in said semi-conductor substrate by electrochemical etching. 



